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Pauling and Coryell's (1) measurements of the magnetic properties of hemo- 
globin and several of its derivatives have revealed that observations along these 
lines are capable of contributing a great deal to the elucidation of the chemical 
structure of such compounds.  Hemoglobin has turned out to be one of the 
strongest paramagnetic substances whereas oxyhemoglobin is not paramagnetic 
at all, indicating a profound change in the nature of the chemical bonds between 
iron and the attached groups as a  result of the combination with molecular 
oxygen.  Such a surprising result suggests extending this study to other heavy 
metal complexes of biological interest.  It is the task of this paper to extend 
such measurements to catalase.  Here, the task is very much more difficult 
than for hemoglobin.  In addition to the difficulty of obtaining enough ma- 
terial, there is the risk of denaturation on thorough drying.  It is not advisable 
to investigate the dried crystals of catalase.  It is not feasible, either, to at- 
tempt measurements in solution since the solubility is  too small within the 
permissible pH range.  So one has to resort to investigating suspensions of the 
wet crystals.  Fortunately, such a  suspension in a  suitable phosphate buffer 
is stable enough and sedimentation is negligible.  However, a further difficulty 
remains, namely, that catalase has nearly four times the molecular weight of 
hemoglobin.  Its iron content is 0.1  per cent approximately; i.e., about one 
quarter that of hemoglobin.  So it is impossible to obtain solutions or even 
suspensions  comparable  in  iron  content  per  cubic  centimeter with  that  of 
readily obtainable concentrations of hemoglobin solutions. 
Supposing the susceptibility per gram-atom Fe to be the same as in hemo- 
globin (in reality it is even smaller), a solution or suspension of catalase would 
produce only one quarter of the pull in a magnetic field of that of a hemoglobin 
solution of equal concentration.  For this reason the apparatus used by Pauling 
and  Coryell is  scarcely  sensitive  enough.  Recently  a  modification of  the 
method has been developed in this laboratory which was originally used for the 
assay of free semiquinone radicals in solution.  It is adequate also for the pres- 
ent task.  This method is, like that of Pauling and Coryell, essentially Gouy's 
method converted into a differential method in order to obtain higher sensitiv- 
ity.  Some technical details have been published recently and since the method 
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is being still further refined, it may suffice to describe its principles roughly, 
postponing the ultimate details until some later time. 
The solution to be measured is filled into the upper  compartment of a  cy- 
lindrical double vessel (Fig. 1), the lower compartment of which contains either 
water or some solution of suitable susceptibility which is never changed during 
a  series of measurements.  Only the contents of the upper compartment are 
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FIG.  1 
varied.  This vessel is suspended from one pan of a  balance so that the dia- 
phragm of the vessel is located between the centers of the pole pieces of an 
electromagnet.  When the magnetizing current is switched on, the pull of the 
magnetic field on the upper and the lower compartment of the vessel is in oppo- 
site directions, and only the difference of pull is measured.  This increases the 
sensitivity of the Gouy method very considerably.  This differential method 
was first used, at least for solutions, by Freed and Kasper (2).  The pull is meas- 
ured in the following manner:  The semi-micro, magnetically damped balance 
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about 1/100th of a  milligram, which is read through a  microscope.  What is 
observed is only the maximum deflection from the resting position brought 
about by abruptly switching on the current.  Such readings are reproducible 
to :t:2 lines of deflection, and a series of ten readings gives a reliable average 
value.  The current intensity is adapted to give a deflection of 20 to 120 lines. 
It was ascertained that deflections within all current intensities used, namely up 
to 10 amperes, are proportional to the square of the amperage.  All readings 
are recalculated accordingly to 10 amperes. 
The significance of each line of deflection, in terms of susceptibility, depends 
on the diameter of the vessel, the distance of the pole pieces, and the amperage. 
For each vessel, with given pole distance, the "vessel constant," i.e. the factor 
by which the number of lines of deflection must be multiplied to obtain sus- 
ceptibility in c.g.s, units, is determined as follows.  Keeping the contents of 
the lower, compensating compartment constant, the pull is measured first with 
air in the upper compartment, then with water in it.  The difference corre- 
sponds to a change of susceptibility -- 0.74 X  l0  --e, of which 0.2 X  10  --e is that 
of air and --0.72 X  10  --6 that of water.  Now, 0.74 X  10  -~ divided by the dif- 
ference of the numbers of lines of deflection, each recalculated for 10 amperes, 
for air and for water, is the vessel constant. 
In an actual experiment, the upper compartment is filled with the solution, 
then with the buffer or solvent of the same composition, but not containing the 
dissolved  (or  suspended)  substance  to  be  investigated.  The  difference be- 
tween the two values, 'expressed in lines of deflection, multiplied by the vessel 
constant, yields directly the increment of susceptibility due to the substance 
being measured.  Small corrections may be necessary; however, they are quite 
irrelevant for the present purpose and may be omitted from this outline of the 
method.  The increment in susceptibility divided by the grams of the specific 
substance in 1 cc. gives the susceptibility per gram of the substance.  Multi- 
plying this figure by 56 gives x, the susceptibility of 1 g-atom of iron, in the form 
of catalase.  Herefrom the magnetic moment, per gram atom of iron, /~,  is 
obtained by the equation 
#  ~  2.84 W/X------~  Bohr magnetons 
where T  is the absolute temperature at which the measurement  has been 
made. 
To check the method, the magnetic moment of KsFe(CN)6 was determined 
in  a 1/250  ~ solution,  another in  a 1/30 ~  solution,  with the results:  2.44  resp. 
2.25  Bohr magnetons using 1.7 cc. of the solution  to  fill  the vessel. The first 
of  these  measurements is  based on  an  amount of  about 1.7  rag.  of  the  substance, 
giving  a differential  deflection  compared with  pure  water of  about 25 lines. The 
acknowledged value is 2.33  magnetons; the agreement is satisfactory in spite 
of the minute amount of substance used.  In one single experiment with a so- 328  MAGNETIC  BEHAVIOR  OF CATALASE 
lution of crystallized guinea pig ferro-hemoglobin in solution we found # =  5.25 
per g-atom of hemoglobin-iron, as compared with 5.46 according to Coryell and 
Pauling. 
The experiments with crystallized catalase were performed with a preparation 
made from beef liver according to the method of Sumner and  Dounce (3), re- 
crystallized once.  The thin fiat platelets were suspended in a mixture of equal 
volumes of SSrensen's phosphate buffer pH  7.4, and water.  This buffer was 
suitable for keeping the crystals in suspension without any appreciable sedi- 
mentation occurring.  The iron content of the dry catalase was 0.0918 per cent. 
The iron content of the final suspension per cc. was 0.0586; 0.0568; 0.0593; 
0.0604; 0.0606; 0.0595; the average 0.0596 mg.  This analysis was made colori- 
metrically with the o-phenanthroline complex (Hummel and Willard  (4)) on 
samples containing 0.03 to 0.1 mg. Fe.  The samples of the catalase suspension 
were digested with 1 cc. concentrated H~SO4 and 0.3 to 0.5 cc. HNO3 and two 
drops of 70 per cent perchloric acid in a  100 cc. Kjeldahl flask.  Blanks were 
determined  correspondingly.  The following remarks  may be helpful.  Pro- 
longed heating after SOa fumes start to come off should be avoided to prevent 
as much as possible the formation of pyrophosphate and anhydrous ferric sul- 
fate.  After the digestion is complete, 10-20 cc. of water are added and the 
solution kept boiling slowly for an hour to decompose any pyrophosphate which 
would seriously interfere with the later development of the color.  Even after 
this treatment,  the full development of the color with phenanthroline takes 
some time.  If the solution, before adding phenanthroline, is allowed to stand 
for 24 hours, the full color will be developed in several minutes.  The final re- 
sult, whether attained the one way or the other, is the same.  The interference 
of pyrophosphate is serious if not well taken care of, but can be entirely over- 
come once the source of error is recognized. 
The suspension, kept on ice, was used for several magnetic measurements 
over several days.  The differential pull under the most favorable conditions, 
at 10 amperes, is about 1~ to 1/~ of a milligram.  This ought to be sufficient to 
yield fairly reproducible results.  In fact, there is a rather large standard de- 
viation of the results.  The authors attribute  this fact mainly to warm and 
humid air conditions which are not favorable for precise weighing.  A repeti- 
tion, with a further refinement of the method, is planned for the near future. 
The present results are shown in Table I. 
The result is: the magnetic increment per cc. of the suspension, due to the 
presence of 0.0596 mg. of Fe, is (+0.094 q- 0.017) X  10  -7.  Hence, the suscepti- 
bility per g-atom Fe is 8830 X  10  --7.  Herefrom the magnetic moment results 
as follows 
-  2.84%/8830 X 10  -~ X (273 +  27) 
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The accuracy of the figure can certainly be improved by further  refinements of 
the method, but even so, the result lends itself to a  fair comparison with hemo- 
globin compounds as obtained by Pauling and Coryell, of which  we mention 
only 
Ferro-hemoglobin,  Bohr magnetons per Fe atom ..........................  5.46 
Oxy-hemoglobin .......................................................  0.0 
Ferri-hemoglobin .....................................................  5.8 
Ferri-hemoglobin  hydroxide (alkaline methemoglobln) .....................  4.47 
TABLE I 
Various cylindrical, double vessels were used, of 6 to 8 ram. outer diameter, and 10 to i3 
cm. length of each compartment.  The column "Vessel constant" shows the change of volume 
susceptibility  corresponding to a change of one line of differential deflection, according to the 
calibrations for the particular vessel.  All measurements were made at a room temperature 
of 26 to 27°C.  The column "Buffer" gives the deflections in lines, when a phosphate buffer 
of the same composition,  without catalase, was measured.  The column  "X"  indicates the 
excess of volume  susceptibility of the cataiase suspension  over that of the corresponding 
buffer.  This  is always a  positive number,  showing  that  cataiase is paramagnetic.  No 
corrections for any change in diamagneti  c effect are applied.  They are not worthy of con- 
sideration at the  ~resent state of refinement of the method. 
Buffer  Catalase  Difference  Vessel constant  X  10  TM  "X" X  10  ~ 
--54 
-54 
-84 
--91 
+16. 
+15 
+5 
+25 
--18 
--25 
-33 
--41 
-48 
+43.5 
+39.5 
+26.5 
+45.8 
+18 
+29 
+21 
+43 
+43 
+26.8 
+24.5 
+21.5 
+20.6 
+36 
4.36 
4.36 
2.89 
2.89 
3.15 
3.15 
3.18 
3.18 
2.55 
O.  126 
0.092 
O.  123 
O.  123 
0.086 
0.077 
0.069 
0.066 
0.0915 
Average ...........................................................  0.094 
Probable error .....................................................  -4-0.017 
The magnetic moment of catalase is distinctly smaller than  that  of hemo- 
globin and resembles most that of alkaline methemoglobin. 
It is suggestive to investigate also various reaction products of catalase.  At 
the present stage of the investigation we do not wish to give accurate figures 
yet, but can state that addition of Na25204 does not change the susceptibility, 
which seems to be a  corroboration of Keilin's statement that catalase is not re- 
duced by Na~S~O4; and that NaCN, and also NaOH, diminish the susceptibility. 
Since we are working with a suspension, not a solution of the substance, we hesi- 
tate  to  interpret  these  results  for  the  time  being  and  refrain  from  giving 
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CONCLUSION 
The magnetic moment of catalase is 4.6 4- 0.3, nearly the same as that of 
ferric hemoglobin  hydroxide.  If the  moment  be due  to  electron  spin  alone 
without orbital contribution, 3 free electrons would give rise to 3.9 magnetons. 
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